Statement of the Problem: Aloe vera gel contains various components with antibiotic and anti-inflammatory characteristics, which may have potential advantages to treat periodontal diseases.
Introductionthe tooth surface with scaling and root planning (SRP).
[4] Non-surgical SRP remove bacterial plaque and calculus from supra gingival and sub gingival areas, can cause restoration and preservation of periodontal health. [4] [5] However, in some cases with deep periodontal pocket or in areas of furcation involvements, mechanical treatment is not effective. [6] [7] [8] [9] [12] topical and systemic antibiotics like azithromycin [13] and clarithromycin, [14] and chemicals such as hyaluronic acid, [15] antiseptic and anti-inflammatory agents with positive effects on immune system [12, 16] are reported to be beneficial. [10] Due to the fewer side effects of medicinal herbs, some studies showed green tea, Cordiaverbenacea (a native plant of Brazil coasts) and Mikanialaevigata, per se or in combination with SRP, can be beneficial in periodontitis treatment. [17] [18] [19] [20] [21] [22] Aloe vera is a cactus-like plant of Liliaceae family with about 360 species containing 75 active ingredients such as vitamins, enzymes, minerals, sugars, lignins, saponins, salicylic acids, and amino acids. [23] Aloe vera medicinal effect in vitro or on animal models has shown to have anti-inflammatory, anti-arthritic and anti-bacterial effects. [23] [24] Furthermore, the treatment effects of aloe vera on systemic disease, cancers, regulation of blood glucose levels, wound and infection healing have been evaluated in some studies. [23] [24] [25] [26] [27] There are some published studies that reported the use of aloe vera in dentistry for various purposes such as disinfecting dental unit water network, [28] gutta-percha sterilization, [29] antiseptic effect on candida albicans, [30] aphthous stomatitis treatment, [31] as an ingredient in toothpastes [32] [33] and mouthwash, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] and for gingivitis treatment.
Up to date, few studies on the effect of topical application of aloe vera in the periodontal pocket for periodontal disease treatment have been reported. [35] Thus, this study intended to clinically evaluate the effects of local application of aloe vera gel as an adjunct to SRP in patients with chronic periodontitis in the form of a single-blind, split-mouth trial and ultimately, observe the possibility of using aloe vera gel or its extract as an adjunctive therapy to improve the mechanical treatment of periodontal disease.
Materials and Method
This split-mouth, single-blind clinical trial was con- for the study, all patients were candidates for nonsurgical treatment phase. Exclusion criteria were history of allergy to aloe vera or its products, tobacco use, diseases, systemic or topical (oral) antibiotics use six months prior to the study, any periodontal treatment six months prior to the study, and pocket depth more than 5mm. The project was explained to the patients, consent forms were obtained, and participants were allowed to leave the study at any moment their convenient.
Aloe vera gel preparation method
Aloe vera gel used in this study was %98 aloe vera® gel concentration (Avivir; Denmark) and 2% normal saline.
Commercial preparation method of %98 concentration of aloe vera gel was washing the ripe aloe vera leaves thoroughly under water and cutting off their Mouth area was divided into two quadrants of case and control by using a randomized block for each patient. In the case quadrant, SRP treatment was performed routinely. Then, aloe vera gel was injected into the periodontal pocket by means of an insulin syringe inserted up to the base of the pocket until the space was filled and the gel leaked out of the gingival margin. In the control quadrant, entire process was done similar to the other group, but the aloe vera gel was replaced by distilled water. Then, for a longer lasting effect of aloe vera gel, the treated area and the contralateral area were dressed for 24 hours.
Clinical parameters of PI, GI, and PD were measured again on 30th and 60th days after initial treatment. Gel application was carried out by a dentist and measuring process was performed by another dentist 1 and 2 months after the treatment by a singleblind intra-calibration method. Intra-examiner reliability was done by choosing 5 randomized patients, and measurement of PI, GI, and PD within a week; then reliability measured by kappa. 
Results
Statistical tests showed no significant differences between PI of case and control groups at three study times after gel application on periodontal pocket (p= 0.244), while there was a statistically significant difference between GI and PD of case and control groups at three study times after gel placement on periodontal pocket (p= 0.001 and p= 0.026). Table 1 shows in the case group per se, there was a statistically significant difference between the percentage of PI in the first day compared to one month after using aloe vera gel and also between the first day compared to two months after the consumption (p= 0.000 and p= 0.005).However, compared to the percentage of PI one and two months afterwards, there was no statistically significant difference (p= 0.108). Table 2 shows in the control group per se, there was a statistically significant difference between the percentage of PI at first (first day) compared to one and two Figure 1a . Table 1 shows in the case group per se, there was a statistically significant difference between the percentage of PI in the first day compared to one month after using aloe vera gel and also between the first day compared to two months after the consumption (p= 0.000 and p= 0.005).However, compared to the percentage of PI one and two months afterwards, there was no statistically significant difference (p= 0.108). Table 2 shows in the control group per se, there was a statistically significant difference between the percentage of PI at first (first day) compared to one and two month after using aloe vera gel consumption consequently (p= 0.000 and p= 0.015). However, compared to the percentage of PI one and two months afterwards, there was no statistically significant difference (p= 0.065). The comparison of PI in case and control groups is illustrated in Figure 1a . Table 1 shows, in the case group per se, there was statistically a significant difference between the percentage of GI at first day compared to one month after using aloe vera gel and also between the baseline (first day) compared to two months of consumption, as well as the percentage of GI one and two months afterwards (p= 0.000, p= 0.024, and p= 0.014). However, there was not a statistically significant difference in the control group per se ( Table 2 ). The comparison of GI in case and control groups is illustrated in Figure   1b . Table 1 shows that, in the case group per se, there was a statistically significant difference between the percentage of PD on first day compared to one month after using aloe vera gel (p= 0.070) and between the baseline (first day) compared to two months of consumption, and compared to the percentage of PI one and two months afterwards (p= 0.000 and 0.023).
But, in the control group per se, ( Table 2) there was no statistically significant difference between the percentage of PD in one month compared to two month after using aloe vera gel (p= 0.386). On the other hand, between the percentage of PD at first day compared to one month of consumption and also compared to the percentage of PI on first day and two months after, there were statistically significant differences (p= 0.000 and p= 0.041 respectively). Comparison of PD in case and control groups is presented in Figure 1c .
The differences of PI, GI, and PD between case and control quadrants on 30 th and 60 th days after consumption were assessed using independent t-test and the statistical significance level of p< 0.05 was achieved. Figures 2a, 2b and 2c show the independent t-test analysis results.
Discussion
Periodontitis is a multi-factorial disturbance between bacterial biofilm and susceptible host. This research analyzed and compared the periodontal index of both the case and the control groups.
The results showed that, despite reduction of PI in 60 days of study, there were no statistically significant differences. Therefore, it can be concluded that aloe vera gel had no effect on reducing PI, and the PI reduction may be due to effect of primary SRP and Hawthorn effect of motivating patients to brush. [1, 8] According to this study, clinical improvement of PI was observed in both case and control groups during Bhat et al., [34] with similar findings in patients with chronic periodontitis, reported a considerable reduction of pocket depth in areas of aloe vera gel treatment combined with SRP, which was statistically significant. Verdi et al. [35] have also published similar results on the effectiveness of aloe vera gel in patients with chronic periodontitis.
Aloe vera has been shown to be effective on gingivitis. [38] Chandrahas et al. [33] showed aloe vera mouthwash to be similar to chlorhexidine 0.2% in recovery of gingivitis. Also compared to experimental group (using distilled water), greatly decreased modified gingival index and bleeding index. Pradeep et al. [13] showed healing effects of aloe vera toothpaste on gingivitis and observed a reduction in gingival inflammation. They reported higher therapeutic effects compared to toothpastes without such compounds and similar to the ones with fluoride and triclosan. [13] Ajmera et al. [22] showed aloe vera, as an auxiliary treatment with mechanical cleaning can be a beneficiary treatment for gingivitis, although, aloe vera alone cannot greatly heal gingivitis.
In this study, gingival index was used to assess periodontal tissue status. This criterion was determined based on the inflammation symptoms including swelling, redness, and bleeding. [22] Thus, significant reduction in the GI reduces inflammation markers in case group.
It has been shown that aloe vera gel contains biologically active compounds such as mannose-6-phosphate, carboxypeptidase, glutathione peroxidase, and superoxide dismutase. [39] These compounds possess anti-inflammatory, antioxidant, and anti-bacterial properties and regulate the immune system and help in healing wounds. [40] Biju et al. [40] found out that glutathione peroxidase and superoxide dismutase are associated with periodontal disease outbreak. The results of their study indicated an increase in the serum levels of these two factors after treatment of gingivitis and periodontitis.
[40] Results of this study showed a significant reduction of PD in case group. Some parts of the improvement can be attributed to oxidant-antioxidant system performance. Ellis et al. [39] found out that decreased performance of dismutase is associated with an increase in probing depth. A decrease in dismutase and an increase in leukocytes can lead to an increase in active oxidizing agents, resulting in the destruction of the tissue. [39] Improvement of periodontitis is considered to be the result aloe vera's effect on Matrix metalloproteinase (MMPs). Makela et al. [41] showed that two types of gelatinase, MMP-2 and MMP-9, can be effective on tissue destruction related to periodontitis. [41] Kudalkar et al. [42] on the other hand, found out that aloe vera caused a reduction of the mentioned gelatinase in the gingival tissue samples; the results could be improved by increasing aloe vera's density. For evaluating the effect of alo vera on the MMP's, immunologically, comprehensive study with different density of alo vera could be done in future.
Conclusion
According to this study, SRP combined with aloe vera as adjunctive therapy resulted in significant improvements of severe periodontitis. Significant reduction of GI and PD clinical criteria explained significant effectiveness of aloe vera gel on improvement of disease.
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